Introduction
Epidural fibrosis (EF) is a natural consequence of lumbar disc surgery. However, it contributes to significant unsatisfactory relief of symptoms and failed-back syndrome (FBS). EF, by tethering the dura matter, can adversely affect the outcome and make the nerve roots vulnerable to injury, with dural tears occurring during a reoperation along with an increased incidence of arachnoiditis. EF around the nerve root can be more refractory to treatment than the original disc herniation itself. This is in addition to the fact that a reoperation on the scar can produce more scarring [1, 2] .
There is no absolutely effective technique that we currently have to reduce EF formation after lumbar disc surgery. Many considerable efforts have been tried to reduce postoperative EF, but none have been found to be ideal. EF still forms even in minimally invasive interventions [3] . Theoretically speaking, decreasing the amount of postoperative hematoma and, hence, its transformation into fibrous tissue, are the main targets to minimize the risk of EF. So, suction drains (SD) used for removal of collections at the operation site may have an important role in this aspect. Other theoretical approaches include providing a barrier between the exposed dura and the healing tissues. Autogenous barriers are practically the best available. Free fat grafting is recognized by some to be the standard treatment for prevention of postoperative EF [4] [5] [6] . Lastly, applying a drug locally, which is supposed to decrease scar tissue formation, may be accepted, provided that it will not add any harm to the patient [7, 8] . The questions of whether SD, epidural fat placement, and local steroids application reduce EF and whether the reduction of EF improves outcomes have not been answered.
Study objective
In a trial to determine the effects of these theoretical approaches on the amount of EF formed and on patient outcome, this prospective, randomized, controlled study was designed and conducted over 10 years from 2002 to 2012. This study had several objectives; to monitor the effect of SD on the incidence of postoperative EF and to test if the use of SD alone or combined with only fat grafts, fats grafts and local steroids application, or only local steroids application would improve patient outcome.
Materials and Methods

Patient population
Between September 2002 and September 2012, a total of 290 patients (125 women, 165 men) previously un-operated and indicated for surgery, with a symptomatic unilateral or bilateral, single-level (L4, 5 or L5, S1) lumbar disc herniation, were included in the present study. Patients enrolled in the study were patients of Cairo university hospitals and Naser Institute Hospital in Cairo. Patients between 20 years and 60 years of age were included in the study. Criteria for lack of significant response to conservative treatment, and, hence, indication for surgery were persistent or recurrent pain, despite a satisfactory duration of more than 3 months of using anti-inflammatory and muscle relaxant drugs combined with pain killers, absolute bed rest, and salt restriction.
Patient with cauda equina syndrome, multilevel affection, symptomatic lumbar canal stenosis, lumbar instability or deformity, previous epidural or intradural injection of drugs or contrast media, and severe medical illnesses, including active infection, were excluded from the study. Other chronic conditions that interfered with clinical or radiological assessments, such as hip diseases, were also excluded.
Study design
The present study is a prospective, randomized, controlled study conducted and designed to evaluate the clinical outcome of SD alone and combined with local application of fat grafts and/or steroids in prevention of post-lumbar discectomy EF. The outcomes were compared with outcomes in patients in whom neither the drain nor the barrier or steroids was implanted.
The clinical design included simple randomization of the subjects into one of two groups, with 165 patients in group I (intervention group) and 125 patients in group II (control group). Group II served as control, with only the surgical procedure done without SD, local fat grafts, or steroids application. Group I underwent decompressive surgery of their symptomatic nerve root, followed by SD alone or combined with local fat graft and/or steroid application. Group I was subdivided into 4 subgroups: group Ia (SD alone) 45 patients, group Ib (SD+fat graft) 40 patients, group Ic (SD+local steroids) 40 patients, and group Id (SD+fat graft+local steroids) 40 patients.
The groups and subgroups were similar with respect to age, distribution of radicular pain, low back pain, and similar activity-related pains and had near straight leg raise (SLR) preoperatively. The patients received similar medications preoperatively. Although we tried to have the same number of patients in both groups, patients who were lost to follow up were excluded from the study. Operative and discharge information were obtained from the groups regarding the surgery and the condition of the patient at hospital discharge.
Procedure
All patients in both groups were provided identical preparation and intervention. All patients were operated in a prone position, through single-level midline procedure (limited to L4, 5, or L5, S1 levels), in which a decompression interlaminar, micro-, hemi-, or formal laminectomy and discectomy technique was performed exposing the nerve root and dural sac. Maximum hemostasis was the target in all cases, and our protocol limited the use of any hemostatic materials. In all group I cases a SD with sideholes was placed at the operation site with mild negativepressure. Then, either the fat grafts and/or local steroids (2 mL of Diprofos Suspension containing betamethasone dipropionate equivalent to 10 mg betamethasone and betamethasone sodium phosphate equivalent to 4 mg betamethasone) were then placed over the exposed dura, according to the patient subgroup. The patient was mobilized the night of surgery. The drains were maintained for 24-36 hours postoperatively. After the drain was removed, total drainage was noted.
Evaluation and outcomes assessment
In addition to the standard study protocol evaluation, patients were evaluated for intraoperative and postoperative complications.
1) Clinical outcome assessment
At each visit, a clinical evaluation and neurological assessment for strength, reflexes, sensation, and pain related to the operated level were recorded. We evaluated activityrelated pain, low back and radicular pain, range of motion, and SLR examinations. Pain intensity, assessed both pre-and postoperatively, was evaluated by the numeric verbal rating (NVR) scale. The patient was asked to mark where the pain intensity fell along the continuum, marking his pain into number form, with 0 meaning no pain while 10 meaning worst possible pain. Then, according to the results of NVR scale, patients were categorized into 4 categories: pain free (0), improved pain (1-4), fair (5-7), and bad (8-10) categories. Significant relief was defined as pain relief of 50% or greater; otherwise, it was nonsignificant (less than 50%). Significant pain relief included patients in the pain free and improved pain categories while non-significant pain relief included patients in the fair and bad categories. Duration of pain relief was judged to be short-term, if relief was less than 6 months. If relief lasted for at least 6 months and up to 3 years, it was considered long-term.
Success was defined as all of the following: (1) no or minimal remaining pain, (2) work not adversely affected, (3) no use of analgesic medications, and (4) patient satisfaction with the procedure. The patients' functional clinical outcome was measured according to the recovery and clinical improvements in SLR test and in range of motion test, including flexion (normal 60°), extension (normal 25°), and lateral flexion (normal 25°).
2) Radiologic evaluation assessment We used magnetic resonance imaging (MRI)-based evaluation for the extent of EF. This was done at one-year follow up. MR examinations followed a standard protocol. Axial images covered at least one level above the operative site to one level below the site (except for L5-S1, where the caudal most slices was to the mid S1body). Categorization of epidural granulation or scar tissue was done for three cuts per disc level, four quadrants per level, with the main assessment at the level passing through the neural exit foramina.
Criteria for EF identification included iso-to hypointense signal relative to inter-vertebral discs on T1-weighted MR images, replacing the epidural fat signal intensity. EF was fairly homogeneous. Both EF and disc protrusions may show mass effect, especially in early stages of granulation tissue formation. Aging of the EF may result in retraction of the dural towards the side of the scar. EF was enhanced immediately after the injection of gadolinium, in contrast to recurrent herniation, which may need up to twenty minutes after contrast injection.
EF Grading: the amount of EF was graded on a scale of 0-4 for each quadrant at each imaging slice encompassing the operative level: 0=no to trace scar; 1,2,3,4=more than trace to 25%, 50%, 75%, and 100%, respectively. If the patient had a scar score 4 in any one of the quadrants, it was defined as an extensive scar. The whole case was described as having none, mild, moderate, or extensive EF. Fig. 1 shows axial T1-weighted images that show right posterior grade 2 at 12 months. The right anterior epidural space was grade 4.
Results
There were no clinically significant differences between the groups as measured by neurological tests, occurrence, and clinical signs and symptoms of adverse events or wound healing characteristics. Patients were nearly equally distributed among both groups (57% of the patients are in group I, and 43% are in group II). Demographic factors, such as age, sex, and side of surgery, did not differ significantly between patients with discrete subgroups (Table 1) .
Surgical approach was performed at the levels L4-5 (n=155) and L5-S1 (n=135). No complication was reported, and no new neurological deficits occurred. Neither periprocedural surgical complications, wound infection, nor discitis was observed in our patient groups. No adverse events were directly attributable to SD, fat grafts, or steroid local application. Mean length of hospital stay was 3 days. In group I, mean amount of drainage was 35.00±10.0 mL.
In the following sections, the outcome of the statistical analysis concerning sort-term and late pain relief, functional outcome, SLR test, and MRI findings will be discussed in details.
First: sort-term and late pain outcome analysis
Comparing both groups with respect to short-term and late pain relief, we found that a higher proportion of patients in group I showed pain relief compared to the control group, as well as compared to the baseline findings ( Table 2 , Fig. 2 ).
Significant pain relief (>50%) was calculated for both groups. The short-term pain relief outcome, which was assessed 6 months after the operation, indicated a success rate (significant pain relief) 97% in the treatment group, as compared to 68% in the control group. However, late follow-up, which was assessed 12 months after the operation, indicated a success rate of 81.8% in the treatment group, as compared to 60% in the control group (Table 3 , Fig. 3 ).
On the other hand, failure rate (non-significant pain relief) was slightly elevated from 3% at 6 months to 18.2% at 12 months in the treatment group, as compared to moderate elevation from 32% at 6 months to 40% at 12 months in the control group, with a special attention that no one in the treatment group experienced the bad category of pain. Significant pain relief was also longer in the treatment group. Duration of significant relief (>50%) that was 9.3+3.6 months in patients was considered as successful.
In order to test the statistical significance of the difference in proportions of patients regarding pain relief among both groups, Pearson chi-square, likelihood ratio, and Fisher exact tests were performed for both short-term and late time. The results, as shown in Table 4 , showed statistically significant difference between both groups. The same tests were performed to evaluate the difference in pain relief among the four sub-groups of group I. The results, as shown in Table 5 , showed only statistically significant difference in short-term pain relief between the four sub-groups. However, the difference in late pain relief between the four sub-groups proved to be statistically insignificant. This meant that, in the long term (1-3 years), there was no significant difference in pain relief between the four methods.
To sum up the first results, namely, sort-term and late The results of short-term and late pain relief throughout the study were best in group 1D, followed by group 1B, group 1C, and group 1A, respectively. The worst results were obtained in the group 2.
Conclusion (2): There was a statistically significant difference in short-term and late pain relief between the Intervention group and control group.
Conclusion (3): There was no statistically significant difference between four subgroups of Intervention group except in the short-term (within 6 months from the surgery). However, in the long run (1-3 years from the surgery), there was a statistical difference with respect to pain relief. Therefore, it could be concluded that: In the long run, using suction drainage with a combination of fat grafts and steroid local application significantly increased pain relief.
Second: functional outcome analysis
Analysis of functional outcome showed significant improvements in the intervention group compared to the baseline, as well as the control group, at intervals of 3 months, 6 months, and 12 months (Table 6 , Fig. 4) .
Assessing functional outcome, significant differences were determined between preoperative (baseline) values and postoperative values in the whole study group. The early functional outcome in the control group, assessed 3 months after the operation showed the best achieved results, with gradual decrease in short-term (6 months) followed by more decrease in late follow-up. On the contrary, there was a trend toward better outcome at 1 year in the treatment group. Based on the definition that less than 6 months of relief was considered short-term and longer than 6 months of relief was considered long-term, a significant number of patients obtained long-term relief with improvement in pain and functional status in the treatment group.
To sum up the second results, namely, functional outcome analysis:
Conclusion (4): The functional outcome analysis, with respect to flexion, extension, lateral flexion, and SLR, showed the best results in group 1D, followed by group 1B, group 1C, and group 1A respectively. The worst results were obtained in group 2. Therefore, it could be concluded that: In the long run, using suction drainage with a combination of fat grafts and steroid local application significantly enhanced the functional outcome measured by flexion, extension and lateral flexion angles.
Third: SLR test analysis
Results showed improvement in straight leg raising following surgery. Based on their SLR testing, patients were classified into three categories: (1) patients who got better, (2) patients who stayed the same, and (3) patients who got worse. Table 7 shows the numbers and percentages of patients in each category for each group (and sub-group) along three time periods: 6 months, 12 months, and 3 years.
There was a significant difference in the percentage of patients who got better between intervention group 1 and control group 2 (Fig. 5) . It could also be noticed that the percentage of patients who got worse in the control group increased with time while no patients got worse at all in the intervention group, even in a period of 3 years. Fig. 6 shows that 100% of patients in group 1D (SD+fat graft+local steroids) got better starting from 3 months, and they also were still better even in the long run (up to 3 years). Group 1D showed the best results, followed by group 1B, then 1C, then 1A. The worst results were shown in patients in group 2.
Conclusion (5): SLR test analysis showed the best results in group 1D, followed by group 1B, group 1C, and group 1A respectively. The worst results were obtained in the group 2. Therefore, it could be concluded that: Using suction drainage with a combination of fat grafts and steroid local application significantly improved straight leg raising. Percentage of patients got better Fig. 4 . Functional outcome analysis in both groups.
Fourth: MRI findings in 12 months
Regarding the clinical outcome analysis in relation to MRI findings at 1-year follow-up, as shown in Table 8 , there was a trend toward better outcome in the intervention group. Efficacy parameters included measuring the number of sites free of EF and reduction in the severity of EF. Fig. 7 shows that group 100% of patients in group 1D, 87% of patients in group 1B, 75% of patients in group 1C, and 67% of patients in group 1A did not suffer from EF. However, only 36% of patients group 2 did not suffer from EF. Fig. 8 demonstrates a control male patient 35 year's old, with history of L4-5 left posterolateral disc herniation treated surgically by spinolaminectomy at L4-5 level. The MRI study done after 1 year (Fig. 8A) were axial consequent MRI images T1-eighted before contrast showing a ventral and left ventrolateral low signal intensity, involving the left upper outer quadrant and encroaching upon the left L4-5 neural exit foramen. After gadolinium-diethylenetriaminepentacetate (Gd-DTPA) (Fig. 8B) , there was an enhancing epidural scarring involving the mentioned quadrant (grade: mild to moderate scar).
The combination of suction drainage, fat, and steroid was most effective and resulted in no EF. In addition, these findings demonstrated that fat/steroid combination provided small additional benefit as compared to those obtained by fat alone. Fig. 9 demonstrates a female patient 27 years, who was treated surgically by spinolaminectomy with an introduction of an epidural fat (Fig. 9A) (16) Values are presented as number (%).
9B, C) at the level of spinolaminectomy one-year followup showed no evidence of abnormal signal intensity nor enhancing epidural scar.
Conclusion (6): With respect to EF, the MRI findings showed the best results in group 1D, followed by group 1B, group 1C, and group 1A respectively. The worst re- Values are presented as number (%). A B sults were obtained in the group 2. Therefore, it could be concluded that: using suction drainage with a combination of fat grafts and steroid local application significantly reduced the frequency and the extent of EF. Summing up, based on the six pervious conclusion, it could be ventured that the use of suction drainage alone or combined with only fat grafts, fats grafts and local steroids application, or only local steroids application significantly improved patient outcome with respect to short-term and late pain relief, functional outcome, and SLR. In addition, the same tools significantly reduced EF as measured by an MRI.
Discussion
EF prevention has been a subject of concern for decades. In the early 1900s, Lexer [9] first reported the use of free fat grafts for prevention of scar formation. In 1948, Key and Ford [10] , described scar-entrapped nerve root after lumbar surgery. In 1974, LaRocca and Macnab [2] described EF as the "post laminectomy membrane" in a canine model. In 1980, Mayfield [11] documented that fat grafts could prevent "constricting cicatrix", as he described. He also noted the possibility of fat grafts acting as a space occupying lesion and causing neural compression.
Lumbar EF around the dura and nerve roots at and near the operative sites proved to be an important cause of FBS, which is reported to occur in 15%, up to 60%, of operated cases [12] [13] [14] [15] [16] [17] [18] [19] . Of these FBS cases, EF was reported to be the cause in 10% to 24% of these cases. The postoperative recurrence of pain after an initial pain-free period was often related to EF [17] . In reoperation, the rate of EF significantly increased to even more than 60% with a consequent worse outcome [14, 20] . The fibrosisentrapped nerve root is more susceptible to compression due to the tethering effect of the scar tissue around. Moreover, the presence of EF renders reoperations risky and more difficult. EF increases the risk of dural tear during reoperation [21] . Reoperation in these cases often leads to a poor outcome and further scarring [22] . We do not recommend reoperation when EF is the only cause of FBS [23] .
If we consider postoperative lumbar EF occurring as a result of normal wound healing, when the operative bed hematoma is invaded by fibrous tissue from the surrounding tissues, it could then be a preventable disease [16, 24] . LaRocca and Macnab [2] postulated that fibroblasts, of traumatized muscle origin, infiltrate and replace the epidural hematoma with granulation tissue formation. Granulation tissue then matures into a dense fibrous tissue resulting in dura and nerve root irritation, entrapment, compression, and tethering and being more susceptible to injury [19, 25] . This results ends with recurrent disc pains and acceleration of osteophyte formation [15] .
Smaller incisions, less muscle trauma, and good hemostasis failed to completely solve the problem. Even in minimally invasive procedures, EF still formed [25] . Most synthetic materials that were studied as barriers were not effective, with unsatisfactory results and actually inviting more scarring and more complications compared with control groups. Autogenous barriers had better results, including fascia lata graft, pedicled grafts, and free fat grafts [5, 6, 8, 18, 19, 23, 24, 26, 27] .
To minimize the risk of development of EF, we had to decrease the chance of its formation. Theoretically speaking, the absence of blood in the epidural area postoperatively reduces the possibility of EF formation. Also, preservation of the natural epidural fat is a safe and effective barrier to reduce the occurrence of EF, preventing the invasion of fibrous tissue from the surrounding tissues. So, SD for removal postoperative collections may have an important role. Moreover, providing a natural barrier between the dura and the healing tissues may also play an important role. Lastly, applying a drug locally, which is supposed to decrease scar tissue formation, may be theoretically accepted, provided that it will not add any harm to the patient.
Regarding EF and clinical recovery, Jinkins et al. [1] suggested that fibrosis in the epidural space may be less important, and Coskun et al. [13] did not find a relation between EF and pain scores. However, we have found a good correlation between scores for the NVR scale and the grade of EF by MRI. We think that the SD prevents or minimizes postoperative collections, hematoma, or seroma that give rise to EF. In our study, a significant proportion of patients in group I with SD showed pain relief compared to the control group, as well as compared to the baseline findings. Using suction drainage with a combination of fat grafts and steroid local application significantly reduced the frequency and the extent of EF, with a statistically significant difference in short-term and late pain relief between the Intervention group and control group.
Based on our findings, we suggested that fibrosis in the epidural space was important in the pathogenesis of FBS. The good correlation between EF, the MRI findings, and clinical outcomes concluded that using the studied preventive tools significantly reduced the frequency and the extent of EF. This suggested that the EF was not just a radiological entity. Many outcome scales were used to figure out the results of lumbar surgery, making it difficult to compare different studies. Complete or partial relief of pain was achieved in 56% to 86% of the reported series, long-term good to excellent results ranged from 64% to 69%. We achieved clinical and neurological excellent improvement in 63.6% of our patients plus 18.2% of the cases showed fair improvement. We evaluated pain relief, and, most particularly, we evaluated activity-related pain, which is, after all, the most important thing to the patient.
The SD group at 3, 6, and 12 months was clearly superior to the control group. There was a statistically significant difference in short-term and late pain relief between the Intervention group and control group. There was a clear improvement in activity-related pain in SD patients. In the long run, using suction drainage with a combination of fat grafts and steroid local application significantly increased pain relief, significantly improved straight leg raising, and significantly enhanced functional outcome measured by flexion, extension, and lateral flexion angles. We can therefore say that SD and fat graft provide benefits, not only to the patient, but also to the surgeon.
EF formation takes about 6 weeks to 6 months postoperatively, clearly identified on MRI by at least 3 months, stabilized by 6 months, with no further changes at 12 months [1, 28, 29] . So, in this study, the MRI evaluation follow-up time was 12 months, selected for the effectiveness of analysis. With MRI, EF was clearly identified as a relatively low signal intensity, as compared with the high signal intensity epidural fat, and as the very low signal intensity cerebrospinal fluid on T1-weighted images. EF usually homogeneously enhanced the following contrast administration. So, its identification is possible and makes the differentiation of EF and disc herniation easy [29] [30] [31] .
In this study, we achieved a relatively simple approach for evaluation of EF using axial MR images, with inter-pretation of its extent. This approach made it possible to study the relation between the extent of EF, patient's symptoms, and surgical outcomes. Precise description of the extent of EF on MRI added clear facts about the causes and pathogenesis of FBS. In contrast to the grading system described by Ross et al. [31] , utilizing five levels of the vertebral body and disc level, we only utilized, in this study, three levels evaluation, centered on the level of the neural exit foramina and it was more than enough. The protocol that we used was designed to be easily followed by others.
Cervellini et al. [28] , was the first to describe the rate and grade of EF. Cervellini et al. [28] and Sen et al. [6] reported seeing mostly grade II (moderate) EF. Cinotti et al. [29] did not find any correlation between the amount of EF, as seen intraoperatively and on MR, and FBS. In this study, we have evaluated the occurrence rate and EF grades in our patients. At 12 months, 82.2% of the original 290 total cases had a degree or another of EF, with 0% of the intervention group had extensive EF scores, while 40% of the control group had extensive EF scores. We observed that, in patients with SD, formation of EF was prevented or tended to be less extensive, reporting mild and moderate EF in SD-patients and extensive EF in non-SD-patients. This finding supported the idea that the presence of barrier between dura and blood prevented formation of EF. We found that both SD and fat/steroid combinations consistently reduced the frequency and the extent of EF. Combinations were most effective and resulted in up to 100% with minimal or no EF whereas controls exhibited over 64% of the sites with EF. Our results in patients without SD were similar to those in Cervellini's and Sen's series in that the intervention group had less extensive EF and that the control patients had a less degree of nonextensive EF. In addition, our findings demonstrated that fat/steroid combination provided small but apparent additional benefit to those obtained by fat alone, in the SD group. The SD with fat graft and local steroid application patients conversely had not a higher degree of non-extensive scar only, but a trend toward scar prevention.
Ross [30] found that patients with extensive EF were 3.2-fold more likely to experience recurrent radicular pain than those patients with less extensive EF. They reported a significant association between the presence of extensive EF and the recurrence of radicular pain. Our results concerning this correlation conflicted with Cinotti et al. [29] and agreed with the others [22, 30, 31] . This study demonstrated that, following lumbar disc surgery, with the use of SD, fat grafts, and/or steroids, a significant proportion of patients expected to have chronic, refractory low back and lower extremity pain as part of FBS experienced improvements in NVR scores, compared to the control group. Associated improvements in functional outcomes (range of motion, and SLR tests) were also noted as compared to baseline measurements and results of the control group. Analysis of these results suggested that SD, fat grafts, and/ or steroids used after decompressive surgery significantly improved both short and long term outcomes. We considered the amount of EF seen on follow up MRI after lumbar disc surgery an important prognostic factor that should not be bypassed.
Conclusions
This study has clearly demonstrated the fact that the use of suction drainage alone or combined with only fat grafts, fats grafts and local steroids application, or only local steroids application significantly improved patient outcome with respect to short-term and late pain relief, functional outcome, and SLR. In addition, the same tools significantly reduced EF as measured by an MRI. Grading of EF with the mentioned simple MRI grading system showed a good clinical correlation between outcome on one side and the extent of EF on the other side.
